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TES STATUS OF LAMPP

by

Donald C. Iiagermen
T310 1ss Almmoa Scientific Laboratory

Loa A3amoa, NH 07545

Prologue

A schematic view of the Loa Al-es Physics
Facility ia shown in Fig. l.l~z The facility waa de-
●lgned primarily ae the first of the “meson facco-
riaa” ●nd haa bacane one of the principal renearch
tools for medium enargy phyaice. TWO separate 75&
keV injectore ara ueed to provide IF and 11- bt=6.
Acceleration to 100 MeV iEI done in a drift tube
lime which la poet coupled beyond 5 !feV. From 100
to S00 MeV a side-coupled linac acructure ie used.
The machine wae a significant advance in the art of
linac design with high-duty factor, new cypen of
accelerator etruccure,l and computer contro14 am
tha major advancee. The ●xperimental areas are
●rranged ●o that many different experiments can une
bemm at the same time. The very large proton cur-
rente present unusual problemo in induced radioac-
tivity, tarRetinR, shielding and other aspecte of
tha baam transport eyetema.

Tha IMPF ●ccelerator first attained the
full desiun ●nergy of 800 MeV in Junr. 1972. The
experimental araas follovad and fv #ug~nt 1973 be-
wae supplied to thtl nucleon phye’ ❑ area for the
firet lntennive ●xperimental work. The main meeon
●rea wam next and bv April 197k the mejor porcionn
of the facility were in uea for tha initial round
of ●xperience. Operation started at 1-L14 avrra~e
currant using ●n 11- beam to nupply both cxpnrimental
●reae; the Intenelty wan gradually increased and by
December 1974 the facility wae operating routinely
●t 13-PA avertiga current.

During ?hie firoc yaar of production bem
waa ●kpplied to 6$ different axperimenta wirh a
total Jf 61297-PA houra of prductlon beam, This
larp.e umber of mxparimencs Rave the scientific c~-
■unity ● good etart on exploiting the une of thin
new facility; tha large number of ●xperiments also
gave the otaff valuable ●xperience in the problems
●aeociated with providing beam to ae many ae ei~ht
or tan ●eparate aimultaneoue experiment.

7Mring 1974 it became very clear that some

●ubetantinl revielonn would have to be made to the
facility before hlRhar currente nnd good heem ●vail-
●bil?.ty could be achieved. Soma epecific ●ccalere-
~ibb ,.;oblems which wera found were: the need for
battet cooling of the bellows ●maembly for the drift
tube etcne, improved alignment ●o that both # ●nd
B_ beam could ba ueed eimultaneouely, and the naed
to change one or ❑ore drift npacee alonn the accele-
rator to improve dampinR of pha~e oscillations.
In tha ●xperimental ●rea tha low-current operation
dawnatrated tha nead for better ehialdinR, colli-
utore to prntact inetrumantation, improved radia-
tlou hardanirm of tarRet cell cnmponente, and many
other ●tiilar deeign improvamenta.

.—
aWork parformed under the auepicee of the U.S. Rnergy

Eeaaarch and Development Admlniatration.

In Sanuar~ 1975 we started a major ahutdoun
to correct the deficiencies in the facility ae well
aa to mxtmnd ite capabilities with ●nether meeon
line. The bamic criteria for thie ❑hutdown were
that the facility muet be up~raded am that it could
operate ●t the 1OO-UA level with acceptable beam
availability; wheravcr porieible we should make pro-
vieion for eventul l+M operation. For the accel-
●rater, thim wrk wae finiehed by August 1975. and
the machine came back on for davelopmenc work. An
improved -itchyard permitted experimental work in
tha nucleon phyeica ●rea in October 1975: the high-
Intanaity beam linee were back in operation In April
1976. In ●eeence, it appeare that che t nimum ~oale
of thiti ehutdmwn were achieved; it remeina to be
●ecn how difficult higher current operatinn ●hall be.

Present Operation

Following the ehutdown we firet ueed an H-
beam to ●erve the nucleon physicn facility at cur-
rente of 1 to 5 BA; when the main meeon ●rea came
into operation we etarted dual-beam operation with
an @ current of 10 uA. The @ currenc wae Rrad-
ually increased and hv lete eumner 1976 routine oper-
cion with 1OO-UA I@ c~rrenc wan achieved. This in
with conservative beam 10RS nlon~ the accelerator
●nd appropriate ❑mnentwn dintrlbucion eo chnt the
beam can be deflected in the awitchyard without un-
due prohleme caueed by off+omentwn particlee. (The
conetrainte on beam lone are diecuesed in more de-
tail below.) Simultaneously, with che 1OO-UA @
bern ● 1- to 3-uA H- beam ie loutinely in uee.

The macroscopic dutv factor of both beame
ie 62 (500-ue pulee, 120 ppe). rhe normal micro-

stntcture hae ● 5-na period; the microstructure of
tha H- beam can be chdnged to ●ither a 40-nu or
dO-ne period, without affectinR the @ beam. The
pulee lenach end repetition rate (up to 120 ppe)
of either be- can be varied ●e denired. Inteneicy
modulation ie available on the @ be-; in the pra-
●ent fotm ●very ter!th pulee can be reduced in incen-
●it~ by ● factor of eaveral hundred. The # beam

can ●lao be daflected into a ●eparace beam line
{Lina D) by a puleed muunet; the ueual rate for
thie deflected bam ie one ppe. It ie powtble to

serve all ●xperimental ●rama with tha H- baam if
neceeaarym

UurinR production rune since April 1976,
bea ●vailability for both the IF and H- beam hae
●veraged in eacene of 80%. This availability haa
varied between 70Z and 90% ●veraged over typical
14+ay production parioda. In view of the complex-
ity of the ●ccelerator and beam trannport and the
Iar#a number of rf syetema in uso theee ba~ avail-
abilitiae ●re quite BratifyinR,

/
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in ● dotailod data baae5 and the Rhift report pre-
pared b? the Chief Operator. The detailed data baea
providoa a daily report ro all incereated personnel
mm ●qui~ent failurea iu the last 24 houre (or pre-
ceding waakend); this aata baae alao provides the
raaource for detailed questions concerning component
or ●yacam failure. The daily report haa proven to

be an axtremely valuable method of providing the
nacesaary canication batwaen operstinR and main-
tenance personnel. Table I eh-m the leadinR caueea
of d-t-tie fr- November 1975

TAME I

S’OIUARY OFHACHINE

201 Mfz rf ●yatam

805 MHz rf ●yecam

Vacuum

Computer control and data
●cqufeitlon

Injectors

Imterlocka

Seem diagnoatica

Other (water, utilitlea,
special emell ●yntema)

through July 1976.

DOWNTIHE

Percent of
Total

19

18

11

11

7

7

2

25

In tha deeign ●nd early opermtion nf the
facility we ware quite concerned about the lifetime
of the larse (and axpenaive) ●lcctron tubes6 which
●upply the rf power to the linac. Fortunately, ex-
perience haa demonatratad that the lifetimca are
●xcellent: the lifatime for the major tuben ● re
●~rized in Table II; two klystron lifectmea are
●bow becauee t- differant daaigns of theee tuhea
● re in uea.

Rebuilding of large pwer tubee 1s nonmal
practice which significantly reducern cost witho~t
caaprmiaing availability. Tha crtodes are ?ehuilt

by tha vendor; the klystrons ● re rebuilt in ● tube
chop at U“PF. Tha Eomily of klyetrona with the
shorter life are rebuilt in a ❑edified form ❑o tl.at
the newar vareion of this tube should have ●n
improvad lifa.

In order to ●chieva good availability it la
neceeaary to have ●killad ●nd dadicated operating

Tube

7835 Trioda

Uyatron

Kl~etron

Ae of June 1, 1976

aad maintenance peruonnml with appropriate 6chaduled
Mintenence periode. Detailed maintenance ●chmd-
ulea ●nd procedures have ;roven to be ●aeantial;
quality control on repaired cmponenta mat be main-
tained. Detailed cune~p procaduree are ●qually
importent.7 This formali- Is at odda with the
flexibility which ❑ ust be meir.cained in order to
further develop the facility; the conflicts betwean
production requirement and development requirements
will damand comprmica ● a long aa tha facility ia
to grow.

The ●tability of the machine perematers hae
fmprwed ●nough ao thet production can be aust.sined
for two weka without eienificant retuning. It iz
not yet possible to turn the machine back on after
● n extensive msincenance o: accelerator development
pmrid without recuninR; thin is ● reflection of
tha c-plexity af the device, the tight tolerance
on the accelerator field, ●nd the random walk intro-
duced by -11 drifLa in many different eubaya:eme.

A plan v ●w of the r-perimental area is

●howm in Fig. 2. 4 Our t}plcal production periods
n- have four ●xperiments in Area A at one time,
t- in .Arem B, development work using beam in Area
c for the hij?h-resolution aPectrometars an ●xPQri-

ment ● t t!:e bimedical facility, one co three
experiments at the neutrino aron, incermittenc nuc-
lear chemietry expoaurea at the beam atop, occa-
sional development wrk ac the isotope production
●rea~ and use of the thin tarRet facility. Nuclear

chmmiatry ●xpmuree are almo done in Area G; line
O ia eorved as required bv time aharinE of the beam.
Dependinx on the locationj e;perl.menta””mav be chanRed
frequently durinu a prOdLICtiOn period Or a ZinCle
●xperiment may receive beam for tha ●ntire run.
Scheduling of the ●xperiments is quite formal; the
caplcxicy and size of many of the ●xpertmcncs rc-
quiree substantial ●ngineorinR* ~untinR, fabrica-
tion, and cmputer support.

Tha H- beam la used for Areaa B and C. In
Araa B it ie used directly or to provide ● neutron
beam from a deuterium on other low Z tarRet. The
wndarful ●ase with which H- can be converted to @
by paeslng through a thin foil mskea the N- beam
uniquely suited for applications in which verv pre-
ciee control of phabe ●pace is required. Thie prop-
arty is ●xploited for our low-current external pro-
ton beam (Area il) and the beam for our hiEh-resolu-
tioo apactrometer (Are- C).

The # beam after laaving the

paaaea throu6h thrae meson production

TABLE 11

TUBE Umms

~ical
Peak

Frequency Power

_W!!l! a

201.2s 3

805 1

80s 1

Total Experience
JFilament Hours) Eatimmtad Life

66,900 9,300

739,900 18,400

133,900 G,mo

.

awitchyard
targata before
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. raach!ng the isotope production facility s,d the
beam dump ● rea. Tha firet target (A-1) fe typically
3-cm Sraphite. the ●econd (A-2) 6-cm ●nd the third
(A-5) E-cm. After interacting with the firet target
the baxm propertiae ●e governed by the target
rather than the be- cheracterieticw of the accele-
rator.

The firet target providee meaona for che
Energetic pion Spactrmeter Line (EPICS) and the LOW
Eaergy Pion line (LEP). Tha necood eervee the Stop-
@ Muon C nel (S$fC) ■nd the High Enargy Pion

PChemmel (P ). The third tarRet in for the Biomedi-
cal Chennal. All of these linaa are in routine
operation; P3 and SMC can be switched to eithar of
two ●xperimental cavec and a third cave lo cmnin~
Into uee on the S!fC. The pion ❑pectmmeter for
EPICS ie not yet complate but the ihannel ia in usa
for ●xperi.menta.

The uee of tha facility for ●xperf,encal
pbyaica and practical application work has been
Iotenalve a(nce we came back into operation; a totml

of 14275 h of beam (365479-IJA h) hae been provided
for ❑ ore than 60 different experiment (aa of early
August 1976. Nearly all of thiB beam was at 800
HaV; ● relatively emall amount ok beam time was
provided ● t lwer ●nergime for epecific experiments.
Sae ❑ eaaure of the ecope of tha experimental
work ia indicated by the fact that come 100 pwblica-
tioma have been made directly related to che LAMPF
●xperimental phyeice work. In the phyaica program
the experi.mntal w~k emphasizes queetione of nuclear
● tructura uming ●ither maaons or protons as probes;
significant effort 1s aleo placed on particle phye-
icm questions. The practical application work
taogee frma biology atudiea on Lhe effects of pione
thtough production of iootopas to ❑tudiea of radia-
tion damage. Alonfi with this diract practical appli-
cation wrk there are “epin-aff” studiee ●xploring
new accelerator dasign and applications of lA!4Pt-
devaloped technology.9

Lia!tartona on Current—.

The dominant theme of a “m?aon factory”lo la
to produce the highest poeaible fluxes of parciclem
for ●xperimental wrk. Tha IA!!PF has alwaya had a
design ●verage current of 1 MA; it is appropriate to
briefly describe aoma of tha difficulties which mwat
ba wercome bafora o~eration at this vary hiRh cur-
rant level Ie ●chiwed.

The foremoet problem with operation of a
high-currant machine la the control of inducad radio-
●ctivity. In our machine only the hluh-current
target calla and baam etop are deeignad for remate
ulntenance. The ●ccelerator, :he beam ewitchyard
amd other portiona of the beam lines mumt be main-
Mnad ●ither “hande tin” tir with cnly the eimplaat
fotrs of ramote handling (ehadw ahielda, long
-anchee and the like). Depending on tha location
of ~he beam ●pill thermal problems may ●lao ariae at
surprisingly luw Ievele; fur exampla, come typae of
remountable, ❑atallic vacuum scale must not receive
mora than ● localized baam looe of 100 nA.,,

AlonR the accelerator we limit be= lose ●o,,
that the average radiat!on level 30 cm from tha
“bet ●pota” ia A faw tane of mr/h nhortly ●ftar turn-
img tha baem off (thaaa hot ●pota ● ra at tha focuoing

quadruple doublets). ThQ gumetry of the mtruccura
la such that back a f- meters the level ia ● faw
mr/h; this reduction reaulta frun both ●alf shielding
of the structure ●md the localized nature of the
loaa. This sort of ●ctivation level requires trana-
miaeiom through the mechina at the 99% level or
bettar (at 100-IJA ●verage currant).

Loeees ●long the machine ● re caueed in many
different waya; mome of the obvhum cauaee ● re:
improper ataering, poor matching of the beam amit-
tauce to the focusing quadrupolea, ●nd off+omentw
cmponente of the beam which are kradually loet radi-
ally. The steering ●nd matching probl-e are further
complicated by the need to have god trartamieeion
for both @ ●nd H- beema.

In the mwitchyard bemz losnea are quite loca-
lfzad and ❑aem to be daninated by off=omentm cem-
ponetita which are eepa~ated from the beam line by the
deflecting megnete. It la ●aaantial to limit these
loaaee to leae than 100 nA; thus at pteaent, we
cannot have more than ome part in ono thousand of
the average current not accelerated to the operatin~
● nergy. Even when loaee~ ● re limited ts thie leval
one frequent~? haa to do interim rePair8 in radia-
tion fields of ee~~eral hundred mr/h.

Ae the current ie increaecd beyond the 100-
IJA level the emictance of the baa from the ion ~ource
increaaee; whether or not chla will be at an accep-
table value at the 1* leval remains to be seen.
If not, Improvements in source brightnaaa will be
required.

The fundamental problem in producing high
quality beama remains the appropriate adjuat:oent of
the phaee and amplitude in the buncherm and kO
separate sections of the accelerator. 11 ‘uch pro-
grena haa been made in finding faster and more accu-
rata methods of mettin~ phaae and amplitude. one

of tha real difficulties ●saocia:ed with chia proh-
Iem 10 the nonorchogonality of the manv different
parameter and the myriad of different set points
which can produce sensibly che same bemm; another
difficulty ia the Impoeeibillty of accurately measur-
ing p},aae and amplitude of the accelerating field
other than through Ita ●ffact on tha beam. Equally
important wtth initial tuning to a unabla eet of
●ccelerator parameter 10 the stability uf the ●ntire
●yatmm ao that the aet points ●re ❑aintained. Aa
beam current la Increaad, further difficulties ● re
●ncountered in control of phaee and amplitude due to
large beam loadin8 (at full deeign current beam load-
ing approaching 30% appesra in some parte of the
mechina). Thim problem la particularly difficult
in control of the traneienta ● t the be8iming of
tha baem pulse.

Clearly under theme condition one muet have
a ●tringent autaatic control ❑ethod to limit loea.
Tha primary method in a ●yetem of radiation detectors
which are arrangad ao th~t the baam la quickly turned
off whanever a preeet level la exceeded. Aa we RO
up in current direct measurement of tran=nia~ion ia
cfaing into uac ●nd it I- requirad that for “beam
cm” tha ●ppropriate tranemiaaion level ie maintained.
Autcwnatic ●votemo which limit tha beam current if
axceaaive beam ❑trikoa ● collimator or tha re-
location wendera unduly ara ●lao being davelopad.
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In tha main tnrget calls ●nd ●t the beam etop
tha induced activity probiem id at itu very worst.
LO ●~iition, thermal problme ore severe; for example
with a 6-= carbon cmrget rn=athing like 18% of the
beam pwar in lost from the main be= into a forward
cone of 30” half ●ngle. This requiren water cooling
orI ehieldimg, collimtore, target boxee, ● tc., an
wall ● n radiation hardeninR aod remote maintenance
capabilities. Aa ● n -ample of the radiation lovela
●mcantered, when the x?coad target cell is opened
exposing the main beam line, the radiation level ’20
ft above the beam line la 400 mrfh. This will in-
creaee by ●nether factor of 30 ●fter extended opera-
tiom ● t the l-mA level. Thue, even now we muec do
nearly ●ll work remotely in target celle. In the
100B term the cmplexitiee of remote handling can
only reduce the availability of the experimental
area.

Experience thue far with radiation-cooled
graphite targets han beam good mid they certainIy
●hould be appropriate for sevaral hundred micro-
ampere. Several yeare ● ~o teotih~ at low enerEles

(highdE/dx) shwed that slowly moving radiation
cooled graphf.te should work at full currant. In
special caaea where a particular geometry of produc-
tion target la required water cooling may be needed.

Very accurate beam prof!les are ●msential for
coatrol of the beam frm targnc cell co tar~et cell.
Steering ●nd focuainE must ba accurately adjuated
mm the baaia of these pr~filea to minimize activation
aod to produce deairetl beam apotm at the production
Cargete. The instrument of choice for this wrk is
● “harp” which ia an aaaembly of p,~rallel Rraphite
tflrea croaaing the beam, The accondary current in-
duced by the beam is meaaured for each wire and di~-
played eo that one-dimcnaional profiles are avail-
●bla at aoy time. Other harpe provide the other
dimension; appropriate biaa fialds are provided by
●dditional planea of graphlce wire. These devicca
maka very nice beam diaplaye; but, the maximum cur-
rent density ●t which they can be used ta unknown
●od ●ny sudden vacuum failure will cauae breakage
of the harp wires.

The bulk shielding in the axperimantal halla
18 adequate for the 1OO-UA operation with typical
working ●reaa ● t 1 ❑r/h or leaa. %ch of tha radia-
tion seen acill cornea from ●ither cracks or lack of
the raquiaite layar of hydrogenous material on some
of the irom ahieldinR. Theaa defects are atraiRht-
forward to cure ao no major alteration ●re ●xpected
in the major ●himld aa the current la tncreased. It
IS ●nticipated that roofs and modest lncreaae in
bulk shielding around che experimental cavea will
be required ● a the intemaicy la increaaed.

Plan for the Future

Duriag the nut year we expect to see the
cmpletion of our outataoding majsr experimental
facilltiea and to oparate ● t the 100-IIA lavel fO?

production. The outstanding experimental facili-
tiaa ● re the tiigh Reaolucion Spectrometer (HRS),
the Isotope Production and Radiation Damage Facility,
(ISORAD), the pion ❑pactrmetar, (EPICS) and the

pulsed necuron facility. Construction of the HRS
., la complete and early tune-up haa been started; it

ie ●nticipated that the uperfmental program uainR
thiz device should start within the next few months.
The ISORAD facility la ●aaentially complete ●nd

should alao be in rmtine uaa within the next few
wnths. The pulsed neutron facility should be ready
for uae by sometime in 1977. The proc~ be- llne
for the pulaad neutron facility ie ‘lSO-m lonR with
both horizontal ●nd vertical bends; beam haa baen
sent throuRh the more complicated portion of thie
tranaport ayatem. The EPICS apectraaeter is in the
lata aaeambly atagea ●nd it la anticipated that it
shall be ready for ●xperiments by !4ey 1977. A 20-MA
polarized proton beam will be ●vsilable in early
1977 for uae in Areae B ●d C.

We maintain ● deeF reepect for the 80 W of

average power in the 1OO-UA beam and the poaaibility
of ●ither unexpected thermal or radiation damage
problems ●aaociated with ❑uch an intense source.
We feel that it la eaaential that we gain a large

amount of experience at this level before routine
operation at higher uurrenca ie attempted. The
uperimental pro~rmn haa much the same flavor in
that ● certain amount of experience haa to be gained
before fully effective uee of the higher intensitlea
la poaaible. Thus our planned year of operation
● t 100 UA la ●ppropriate from both development and
production requirements.

During this year of 1OO-UA operation we
shall be developing our resources ao that we may UO
on to the next level of current (prcmmmablv three
hundred ❑icroampere) in a timely manner. In the
experimental area much of the development work dill
be directed by what crans.plree in the target cells
during this time. It ie clear that wc must etronRly
pursue ●ffective methods of remote udintenance.
We believe that all cmponenta within the target
cells are accessible to remote handling; the time
required for repair work ia very dependent on the
eophiaticacion of the manipulators and viewing
syatema. Ve are pursuinR such advanced devices aa
force feedback manipulator In an effort co maku
this work aa coat effective aa poaaible.

Amother major concern in the ●xperimental
area ia the system of beam inntrurnentation. The
present harp ayatam and current monitor ayatam aeama

to be ●dequate at the 1OO-UA level; lifatime of
c-ponenta ●nd the capabilities of the prenent eye-
tem at higher curlenta requirea exploration.

Aloog tha ●ccelerator a continual effort

iamaimtained on improvement of stability of com-
ponents ●nd improved Instrumentation. As examplea
of this wrk ● redundant phaae monitoring ayac~
ie being installed on the ●ntire machine, dn im-
proved moment- anmlyaia ayatam lo Roing into the
uwitchyard, ● nonintarceptinu beam position moni-
tor ●yatem will be Inatallad in the next few months,
●md the utahility of the resonance concrollere on
the accelerator tanka la baing improved.

Thesajor ●ffort IIItha accelerator develop-
ment work la a critical ●valuation of the bmsm qual-
ity ●a current la increased. Some of the present
● reaa of ●xploration are zmittance dampinR ●long
tha machine, effect of .elatively emall changea in
the ●ccelerating field in the low-energy porcicm of
the mechina, control behavior of the rf ayatem at
higher currents, ion source prupertiaa, cauaea of
beam halo and ❑o on. These atudiea require very
careful experimental ‘fork ●nd frequently involve
datailed beam dynamica cakculationa to interpret
the reaulta. Thta wrk la time consuming and re-
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. qulroa diligant ●:contion to maka progress. As yet,

no indication of any inourmmntablo probl~a have
been seen which would preclude ●ventual operation
at higher curranta.

Thm alignment of the mechina remains a com-
tinui~ problem which ia ●xacerbated by the need for
simultaneous acceleration of both pomitive ●nd nega-
tive ions. Ovar much of the machina the alignment
in ●pparently Yatiefactory; hovaver, some problems
r~in itI the ragion batueen the Injectors ●nd the
firac (100 MeV) part of the tide-cuupled accelerator.

Camcluaion.—

LAKPF ia ● ●usceaeful facility serving ●

wide variety of uaera ● t the lLMIA level. The avail-
●bility of beam la ●atiafactory ●nd ● very large
amount of scientific and applied investigation can
be carried out with the facility in its present fem.
The ●ngineering and ●pplied physics l,robleme in in-
creasing the current another factor of ten are for-
midable but ●eem amenable co eventual eolucion.

Sueevlation

For the purpose of this conference it 10
interesting to raiae the question of what wfll hep-
pcn If the beam quality deterloraces much faster
then ●xpected ● s the current Ie lncreaeed. At
uoret, such deterioration will be In the form of
●xceanive beam haloe or an unduo l--enerp,y tail in
the ●norRy diatrlbucion. It la poeaible to increaae

the ●cceptanc. of the hifih-currenc beam line through
t}.e ●witchyard. In addition, collimators can be
placed ●long the ●ccelerator and in the cwltchvard
In ●uch m manner ae to ❑aintain our ❑ aintenance
capability ● a well ● a the two-beam capability.
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